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Abstract 
 Inverse gas chromatography was used to determine the activity coefficients and the partition 
coefficients between 7 Ionic liquids and 40 different organic compounds. The interactions between the 
ionic liquids and each organic compound were examined. The effects of the carbon chain length in the 
ionic liquids, as well as group contribution on the activity coefficients with different types of organic 
compounds were determined. The effects carbon chain length and types of organic compounds on 
activity coefficients were also determined. The obtained activity coefficient data between the Ionic 
liquids and organic compounds can be used to examine the selectivity, and the effectiveness of these 
Ionic liquids for use in different extraction processes. 
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Executive Summary 
 Over the last 30 years, the increasing focus on the environmental impacts of the chemical 
process industry has inspired research into new materials that could replace the environmentally 
hazardous substances currently in use (Mutelet et al., 2008). The rise of “green” chemistry has sought to 
design and develop chemical processes that reduce or eliminate the use and generation of hazardous 
substances. Ionic liquids, which are organic salts with low melting points, attract a lot interest for use as 
solvents for a variety of chemical processes. Ionic liquids are being researched because they have low 
flammability, low corrosion tendencies, high thermal stability, and virtually no vapor pressure at room 
temperature. 
 The low vapor pressure of ionic liquids makes their use as a new “green” solvent a very 
promising possibility. A large number of cations and anions are known, and their various combinations 
can affect the physical, chemical, and thermodynamic properties of ionic liquids, which could be applied 
uniquely to the needs of a particular operation (Koel, 2007; Poole, 2004). 
Gas chromatography is an analytical chemistry tool that is used to determine various 
parameters of a material. A sample of gas (the mobile phase) is injected into a constant stream of inert 
gas (the carrier gas), which flows through a packed column (the stationary phase). The method used in 
this case is called inverse gas chromatography, which differs from normal gas chromatography in that 
the sample being tested is the stationary phase, and various mobile phases are injected in order to 
determine their interaction with the stationary phase. The gas chromatograph measures the time that it 
takes each sample to travel through the column and provides a precise measurement of the time of 
retention. The chromatograms that were produced in these experiments have two peak values, the 
retention time of a minimally retained marker compound, methane, and the retention time of the 
solute. 
 Seven different ionic liquids with a variety of cations and anions were tested using inverse gas 
chromatography, to determine their activity coefficients. Interactions between each ionic liquid and 40 
different organic compounds were evaluated. The difference between the retention times of methane, 
and the retention times of the organic compounds in a packed column containing the ionic liquid was 
analyzed. With this data the activity coefficients were calculated. The effects of the structures of the 
cation, anion, and organic compounds on the activity coefficients were analyzed. Longer carbon chains 
in the ionic liquids, as well as ionic liquids with larger contributing groups, were hypothesized to have 
smaller activity coefficients. Additionally, an increase in carbon chain length, or an increase in the size of 
organic compounds was thought to result in larger activity coefficients. Lastly, we hypothesized that 
increases in temperature would result in a decrease in activity coefficients. The selectivity of the ionic 
liquids and organic compounds will also be discussed.  
Larger ionic liquids were found to have smaller activity coefficients with organic compounds that 
have low polarity, such as alkanes, cyclic alkanes, and ethers. Compounds with a higher polarity, such as 
alcohols, ketones, and aromatics, were found to have higher activity coefficients with larger ionic liquids. 
The lower polarity of the larger ionic liquids was found to have more effect on polar compounds, than 
the size of the ionic liquid itself. It was also found that the anion had a much larger effect on the activity 
coefficient than the cation. Two ionic liquids with a hexafluorphosphate anion were found to have 
significantly higher activity coefficients than the other five ionic liquids with a 
bis((trifluoromethyl)sulfonyl)imide anion.  
 Increases in the length of carbon chains of organic compounds were found to experience 
increases in activity coefficients. Groups of compounds with greater polarity, such as alcohols, were 
found to have significantly smaller coefficients than non-polar compounds such as alkanes. Increases in 
oven temperature led to decreases in activity coefficients.  
 In conclusion both the carbon chain length and polarity of ionic liquids and organic compounds 
play a major role in the magnitude of the activity coefficients. The data obtained from these 
experiments can be added to the growing data available on ionic liquids worldwide, and can be used to 
learn more about the potential uses of these ionic liquids as solvents in future chemical engineering 
processes. 
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1. Introduction 
 
 Ionic liquids, which are organic salts with low melting points, have the possibility to 
revolutionize chemical industries due to their advantageous and unique properties. Ionic liquids usually 
have a very low vapor pressure. This property might allow ionic liquids to be used as a new type of 
“green” solvent. The properties of ionic liquids can be changed slightly with a slight change in the 
structure, which could be applied uniquely to the needs of a particular operation. A large number of 
anions and cations are known, and their various combinations can affect the physical, chemical, and 
thermodynamic properties of ionic liquids which then can be used in many different fields within 
chemical engineering.   
 In order to examine their potential for use in extraction processes, seven different ionic liquids 
with a variety of cations and anions were tested using inverse gas chromatography. The main objective 
of this MQP was to study the effect of the size and of the group contributions of the cations and anions 
on the activity coefficient between the ionic liquids and each of the different organic compounds that 
they were tested against. This work also aims to produce some thermodynamic data to produce data 
not otherwise available. The difference between the retention times of methane, and the retention 
times of the organic compounds in a packed column containing the ionic liquid was analyzed. With this 
data activity coefficients will be calculated.  The effects of oven temperature and the size of organic 
compounds on the activity coefficients were also studied.  
 Longer carbon chains in the ionic liquids, as well as ionic liquids with larger contributing groups, 
were hypothesized to have smaller activity coefficients. Additionally, we hypothesized that increases in 
temperature would result in a decrease in activity coefficients. Lastly an increase in the numbers of 
carbons in a chain, or increases in the size of organic compounds were thought to result in larger activity 
coefficients. The selectivity of organic compounds in ionic liquids will also be discussed.   
2. Background 
Over the last 30 years, the increasing focus on the environmental impacts of the chemical 
process industry has inspired research into new materials that could replace the environmentally 
hazardous substances currently in use (Mutelet et al., 2008). The rise of “green” chemistry has sought to 
design and develop chemical processes that reduce or eliminate the use and generation of hazardous 
substances. Thus far, a few substances have been proposed, such as water, supercritical fluids and 
perfluorinated solvents. Limited effectiveness, high process complexity, and high toxicity have limited 
the number of applications available to these technologies (Poole, 2004). The use of ionic liquids, a 
special class of salts, was studied here. Ionic liquids are organic salts that have a melting point less than 
the boiling point of water, or 100°C. This definition of ionic liquids allows the study and implementation 
of ionic liquids in the laboratory and industry under reasonable conditions.  
The history of ionic liquids depends on the definition of an ionic liquid, since it can be seen as a 
modern phenomenon or a new direction in molten salt chemistry, which has a long history. Due to the 
similarities in their chemistries, a variety of nomenclature has arisen, which includes synonyms like room 
temperature molten salt, ionic fluid, liquid organic salt, non-aqueous ionic liquids, and more.  The first 
ionic liquid was likely observed while performing Friedel-Crafts reactions, where ‘red oil’ would form as 
an intermediate (Wilkes, 2002). The first room temperature ionic liquid was probably discovered around 
1911, and a more stable ionic liquid was discovered soon thereafter (Poole, 2004).  These discoveries did 
not inspire much research, but ionic liquids continued to be studied for electrochemical purposes as 
electrolytes, for use in electroplating, and for possible military use (Poole, 2004; Wilkes, 2002). In 1982, 
a new ionic liquid (1-ethyl-3-methylimidazolium chloroaluminate) was discovered and was found to be 
liquid at room temperature (Koel, 2007). In 1992, a major advancement in the study of ionic liquids was 
the discovery of air and water-stable imidazolium salts, which allowed the compounds to be studied in a 
normal atmospheric environment (Poole, 2004; Wilkes, 2002). This breakthrough has opened up the 
field of ionic liquids and, over 200 ionic liquids have since been discovered to be air-stable and liquid at 
room temperature.  
Ionic liquids attract a lot interest for use as solvents for a variety of chemical processes, and a 
growing number of research papers investigate any additional applications of ionic liquids (Mutelet & 
Jaubert, 2006; Poole, 2004). Ionic liquids are being researched because they have low flammability, low 
corrosion tendencies, high thermal stability, and virtually no vapor pressure at room temperature. Other 
characteristics, like solubility, viscosity and conductivity have been found to change with the chemical 
structure. The culmination of these properties has caused a significant amount of excitement, since it 
might be possible to create task-specific ionic liquids that are optimized for one particular chemical 
process (Koel, 2007; Poole, 2004). Ionic liquids are being investigated for applications in the 
desulfurization of liquid fuel oils, the recovery of alcohol from aqueous solutions, and the recovery of 
gold or silver from ore, to name only a few (Francisco, Arce & Soto, 2010; Gao et al., 2008; Ha, Mai & 
Koo, 2010; Koel, 2007, Revelli, Turmine, Solimando & Jaubert, 2009).. 
This wide range of uses and properties depends on the structure and on the substituents of its 
cation and anion. The structure of ionic liquids consists of an asymmetric molecule with a large organic 
cation and a weakly coordinating organic or inorganic anion. A variety of structural properties, such as 
the nature of the cation, the cation substituents, the size of the anion, and the polarity of the anion all 
affect the physical and chemical properties of each ionic liquid. For example, it has been shown that the 
introduction of a polar chain in certain ionic liquids can increase its selectivity toward alcohols or 
aromatics in solution with straight chained (aliphatic) hydrocarbons (Revelli, Mutelet &Jaubert, 2009; 
Revelli, Mutelet, Turmine, Solimando & Jaubert, 2009). The opportunity to engineer a task-specific 
solvent has increased the excitement surrounding ionic liquids, but a significant amount of research still 
needs to be completed in order to fully be able to fine-tune ionic liquids for specific uses. 
Chemists are investigating the use of ionic liquids in a variety of fields, including extraction, 
electrochemistry, and analytical chemistry. Extraction seems to be the area with the most active 
research, since there are some applications that could improve the sustainability of certain chemical 
processes. Since ionic liquids have a negligible vapor pressure and high solubility, they could potentially 
be used as a solvent in a liquid-liquid extraction and they appear superior to several conventional 
entrainers (Koel, 2007). Ionic liquids also have the potential to be used in azeotropic distillation and 
extractive distillation, due to the lack of an appreciable vapor pressure (Mutelet, Jaubert, Rogalski, 
Boukherissa & Dicko, 2006; Koel, 2007). Ionic liquids, due to their electrochemical properties, can be 
excellent electrolytes, and ionic liquids can achieve a wider range of operational temperatures than 
many current electrolytes. This makes ionic liquids attractive for applications in such as batteries and 
fuel cells (Koel, 2007). It has also been reported that room temperature ionic liquids have a high 
viscosity and a low conductivity, so additional research needs to be done to find optimal compounds for 
these uses (Mutelet, Jaubert, Rogalski, Boukherissa & Dicko, 2006). Analytical methods play a large part 
in current research into ionic liquids, since the lack of data is significant. They have been used with UV-
visible and IR spectroscopy, but not with very much success. The physical properties of ionic liquids limit 
their effectiveness for use in separation with liquid chromatography. The most successful and most 
common analysis of ionic liquids by gas chromatography, and has been used to develop and expand the 
available data on the physical and chemical properties of ionic liquids. 
Gas chromatography is an analytical chemistry tool that is used to determine various 
parameters of a material. A sample of gas (the mobile phase) is injected into a constant stream of inert 
gas (the carrier gas), which flows through a packed column (the stationary phase). The method used in 
this case is called inverse gas chromatography, or gas-liquid chromatography. This differs from normal 
gas chromatography in that the sample being tested is the stationary phase, and various mobile phases 
are injected in order to determine their interaction with the stationary phase.  
The gas chromatograph measures the time that it takes each sample to travel through the 
column and provides a precise measurement of the time of retention. The chromatograms that were 
produced in these experiments have two peak values, the retention time of a minimally retained marker 
compound, methane, and the retention time of the solute. An example of a gas chromatograph can be 
found in figure 1. 
 
Figure 1: Hexane Chromatogram 
The system properties of the ionic liquid affect how the location and shape of the peaks on the 
chromatogram. Researchers commonly use methane as a minimally retained marker compound to 
determine the amount of time any other gas takes to proceed through the column, since the inert 
carrier gas does not register on the detector. The total retention time includes the period of time where 
the gasses are not interacting with the ionic liquid in the column, which includes the sample 
introduction system, connection tubes and the sample detector itself (Poole & Poole, 2008). Retention 
in gas chromatography is a complex process involving partition and adsorption with different liquid film 
types and interfaces co-existing within the column. A comprehensive retention model would include 
partitioning at the gas and liquid phases, adsorption at the solid-liquid and gas-liquid interfaces, as well 
as the contributions from bulk liquid phase (Poole, 2004; Revelli, Mutelet & Jaubert, 2009; Revelli, 
Mutelet, Turmine, Solimando & Jaubert, 2009). 
Reliable results from gas chromatography experiments depend on obtaining reliable retention 
data, since they provide the basis for calculating the gas-liquid partition coefficients, the activity 
coefficients at infinite dilution, and other thermodynamic properties of that particular ionic liquid. The 
activity coefficients at infinite dilution provide a direct measure of interactions between unlike 
molecules in the absence of solute-solute interactions (Mutelet & Jaubert, 2006). Activity coefficients at 
infinite dilution are important for process synthesis and design. They are commonly used to select 
appropriate solvents for azeotropic or extractive distillation, liquid extraction, and chemical reactions 
(Mutelet, Butet & Jaubert, 2005). Gas-liquid partition coefficients are used to determine the individual 
intermolecular interactions, which demonstrate the behavior of that particular ionic liquid (Koel, 2007). 
Unfortunately, the information available tends to be limited, since the growth in this field is relatively 
recent (Poole, 2004). 
 Many different organic solutes were tested against the Ionic liquids. Many solutes were injected 
so that a wide array of data, regarding each ionic liquid’s ability to act as a solvent, can be gathered. This 
allowed one to see what ionic liquids can be used as a solvent for different types of organic compounds.    
Table 1: Organic Solutes Tested 
 
The ionic liquids examined contained different combinations of two anions and five cations in 
order to help analyze how particular cations and anions affected the activity coefficients. Table 2 below 
contains information regarding the different ionic liquids.  
Table 2: Table of Ionic Liquids 
 
 The different structures of the cations and anions are found below in figure 2. 
Alkanes Cyclics Alcohols Chloromethanes
hexane methylcyclopentane methanol chloroform
3-methylpentane cyclohexane ethanol dichloromethane
heptane methylcyclohexane 1-propanol tetrachloromethane
octane cycloheptane 2-propanol Other
nonane benzene 2-methyl-1-propanol 1-hexene
decane toluene 1-butanol 1-hexyne
undecane ethylbenzene Ketones 1-heptyne
dodecane m-xylene 2-butanone acetonitrile
tridecane p-xylene 2-pentanone nitromethane
tetradecan o-xylene 3-pentanone 1-nitropropane
Ethers 1,4 dioxane
diethylether pyridine
diisopropyl ether thiophene
Table of Solutes
Code # Cation Formula Anion Formula Molecular Weight
DQA016 tributyl hexyl ammonium C18H40N hexafluorophosphate PF6 415.48
DQA017 tributyl hexyl ammonium C18H40N bis((trifluormethyl)sulfonyl)imides C2F6NO4S2 550.67
DPSP019 tributyl hexylphosphonium C18H40P hexafluorophosphate PF6 432.45
DPSP020 tributyl hexylphosphonium C18H40P bis((trifluormethyl)sulfonyl)imides C2F6NO4S2 567.64
[C6Mpy][Tf2N] 1-n-hexyl-3-methylpyridinium C13H18 bis((trifluormethyl)sulfonyl)imides C2F6NO4S2 450.26
[C8Mpy][Tf2N] 1-n-octyl-3-methylpyridinium C15H23 bis((trifluormethyl)sulfonyl)imides C2F6NO4S2 478.51
[C10Mpy][Tf2N]1-n-decyl-3-methylpyridinium C17H28 bis((trifluormethyl)sulfonyl)imides C2F6NO4S2 506.57
Table of Ionic Liquids
 Figure 2: Structure of Cations and Anions 
A) 1-n-hexyl-3-methylpyrindium B) 1-n-octyl-3-methylpyrindium C) 1-n-decyl-3-methylpyrindium D) tributylhexylammonium 
E) tributylhexylphosphonium F) hexafluorophosphate G) bis(trifluoromethylsufonyl)imide 
 The ionic liquids DQA016 and DQA017 are both ammonium based ionic liquids with a nitrogen 
atom attached to three butyl groups and one hexyl group, or tributylhexylammonium, for the cation 
(©Chemicalbook, 2010). This cation has a molecular formula of C18H40N (Zhang, Sun, He, Lu, & Zhang, 
2006). For anions DQA016 has a hexafluorophosphate molecule, while DQA017 has a 
bis((trifluromethyl)sulfonyl)imides molecule. Hexafluorophosphate is a simple molecule with six fluorine 
atoms bonded to a phosphorous atom, giving a molecular structure of PF6. The structure of 
bis((trifluromethyl)sulfonyl)imides contains a nitrogen atom with two symmetrical branches on either 
side. The branches contain first a sulfur atom double bonded to two oxygen atoms, then a carbon atom 
with three fluorine atoms bonded to it (©Chemicalbook, 2010). The molecular structure of this cation is 
C2F6NO4S2 (Zhang, Sun, He, Lu, & Zhang, 2006). Since these two ionic liquids have the same cation yet 
different anions, the anion’s effect on the activity coefficient can be studied.  
 The ionic liquids DPSP019 and DPSP020 were both phosphonium based ionic liquids very similar 
to the two previously discussed ionic liquids. The structure of the cation is the same, whilst replacing the 
nitrogen atom, with a phosphorus atom, yielding a molecular structure of C18H40P (Zhang, Sun, He, Lu, & 
Zhang, 2006). DPSP019 also has a hexafluorophosphate for its anion, while DPSP020 also has a 
bis((trifluormethyl)sulfonyl)imides for its anion. Therefore between these four ionic liquids the effect of 
both the two different cations and the two different anions can be studied. Whether the cation or the 
anion had a more significant impact on the activity coefficient can also be determined.  
 The last three ionic liquids tested all had the same anion that both DQA017 and DPSP020 had, 
bis((trifluoromethyl)sulfonyl)imides. They differed though in their cation. In Table 2, they were labeled 
as [C6Mpy][Tf2N], [C8Mpy][Tf2N], and [C10Mpy][Tf2N], referring to the amount of carbons in the main 
chain. [C6Mpy][Tf2N] was 1-n-hexyl-3-methylpyridinium, [C8Mpy][Tf2N] was 1-n-octyl-3-
methylpyridinium, and [C10Mpy][Tf2N] was 1-n-decyl-3-methylpyridinium. All three of these cations 
contain a 3-methyl pyridine molecule with a 1-hexyl, 1-octyl, or 1-decyl group attached 
(©Chemicalbook, 2010). This yielded molecular formulas of C13H18, C15H23, and C17H28, respectively 
(Zhang, Sun, He, Lu, & Zhang, 2006). With these three ionic liquids the effect of the size of the main 
carbon chains on the activity coefficients were studied.  
 
 
  
3. Methodology  
3.1. Experimental 
3.1.1. Preparing a Packed Column  
 Packed columns were used to perform analysis of each ionic liquid. A mixture of an inert packing 
material and an ionic liquid was made in order to prepare a packed column. The packing material 
Chomosorb® w/hp was used for the mixture. This inert packing material provided a surface for the ionic 
liquid to bind to. The chemical formula of this particular packing material was SiO2. About 2 grams of 
packing material was added to a glass beaker, using a small spatula. About 0.7-1 gram of ionic liquid was 
added using a glass pipette and the drops were placed in the middle of the beaker. Some ionic liquids 
remained in the solid state at room temperature and a small spatula was used to add these to the 
beaker. All masses were measured using an analytical balance. The resulting compositions were 
between 20 and 35 % ionic liquid, as seen in the Table 2.  
Table 3: Composition of Stationary Phase of Columns 
Composition of Columns 
Ionic Liquid Mass of Chromosorb® 
w/hp (g) 
Mass Ionic 
Liquid (g) 
Mass % 
Ionic Liquid 
DQA016 1.8968 0.4849 20.36 
DQA017 2.0402 0.7083 25.77 
DPSP019 1.9991 0.52 20.64 
DPSP020 2.0535 1.0543 33.92 
[C6Mpy][Tf2N] 2.0039 1.0244 33.83 
[C8Mpy][Tf2N] 2.0055 0.8105 28.78 
[C10Mpy][Tf2N] 2.0529 0.8241 28.64 
 
 The mixture was shaken slightly to allow the Chromosorb® to clump to the ionic liquid, and then 
poured into a round bottom flask. Due to the high viscosity of ionic liquids, allowing the Chromosorb® to 
clump to the ionic liquid made contact between the ionic liquid and the glass beaker less likely. This 
made transferring the mixture into the round bottom flask simpler. Ethanol was used as a solvent to 
allow equal distribution of the ionic liquid among the Chromosorb®. 
To remove the ethanol from the mixture, a rotating vacuum evaporator was used. A pump was 
used to create the vacuum and after the ethanol evaporated out of the mixture it was condensed with 
cooling water into a separate flask. The round bottom flask was lowered into a warm water bath at 45°C 
to 55°C to assist in the evaporation. After all visible moisture had evaporated from the round bottom 
flask, the sides of the flask where repeatedly tapped with a small spatula to knock the mixture off of the 
edge of the flask. It was important to make sure that the resulting mixture was a uniform powder with 
no clumps. Clumps were the result of non-uniform distribution of the ionic liquid in the Chromosorb®. If 
clumps formed, more ethanol was added to the mixture and the process was repeated to get a more 
equal distribution. After an evenly distributed mixture was obtained, the flask was removed from the 
rotating vacuum evaporator and placed in an oven at 90°C. The same pump was used to create a 
vacuum in the oven. The flask was left in the oven for approximately one to two hours to ensure the 
mixture was extremely dry, with no remaining ethanol or water that may have been absorbed during 
preparation.  
 In order to prepare a column for use in the gas chromatograph, one meter of stainless steel 
tubing was cut. A hack saw was used to avoid clamping the end of the tubing shut. Ferrules and capillary 
nuts were installed on both ends of the column using a 7/16 inch wrench. The capillary nuts were left 
behind the ferrules for connection to the detector. 
 One end of the column was attached to a pump to create suction down the length of the 
column, while a funnel was attached to the other end. The Chromosorb® and ionic liquid mixture was 
poured into the funnel slowly. A small spatula was repeatedly tapped down the length of the column to 
ensure that the mixture was tightly packed throughout the entire column. The column was tapped until 
the level of the mixture in the funnel did not change. The column was weighed before and after adding 
the mixture to determine the mass of the stationary phase. After weighing the column glass wool was 
stuffed in each end of the column to keep the packing from being blown out by the helium gas flow 
through the column. The mass of the stationary phase, as well as the mass and number of moles of ionic 
liquid in each column are recorded in the table 4, below. 
Table 4: Column Information 
 
DDN 250, a standard cleaner, was used to clean glassware, along with a pipe cleaner which was 
used to scrub the glassware. All glassware was rinsed with water and further with acetone. It was 
important to make sure that all acetone made it into the proper organic waste receptacles, and was not 
allowed to enter into the sewer system. To shorten the length of drying time a hand blow dryer was 
used if necessary. It was necessary to work with clean glassware at all times, so that all mass 
measurements were precise and there was no contamination in the packed columns.  
3.1.2. Preparing the Gas Chromatograph 
 The flow rate of helium through the packed column was measured using a bubble flow meter. 
Snoop®, liquid leak detector, was used to create bubbles. The amount of time it took for the bubble to 
rise to 20 ml as helium pushed it upward through a graduated cylinder was recorded. This process was 
repeated four to six times. The average time was determined and used to calculate the flow rate in 
ml/min. Table 5 contains the recorded times and the flow rates for each of the tested columns. The 
column was then attached to the FID detector of the gas chromatograph. Prior to running any tests the 
Ionic liquid DQA016 DQA017 DPSP019 DPSP020 [C6Mpy][Tf2N] [C8Mpy][Tf2N] [C10Mpy][Tf2N]
Mass empty column(g) 47.2665 48.2921 48.2906 48.5372 47.2459 47.3010 48.2953
Mass full column(g) 48.4383 49.6605 49.557 50.0255 48.6807 48.6097 49.6238
Mass of stationary phase(g) 1.1718 1.3684 1.2664 1.4883 1.4348 1.3087 1.3285
Mass of Ionic liquid(g) 0.2386 0.3526 0.2614 0.5049 0.4854 0.3767 0.3805
Moles of Ionic liquid(mol) 0.00057 0.00064 0.00060 0.00089 0.00108 0.00079 0.00075
Column Characteristics
oven was turned to on and set to 50°C and the gas chromatograph was left at these conditions overnight 
to allow the column to condition.  
Table 5: Helium Flow Rates 
 
 Using the computer program Galaxie® the operating conditions and heating controls could be 
adjusted to specific needs of the experiment. The column injector heater was turned on to 250°C. The 
column oven was set to 50°C for the first round of testing then set to 60°C and finally 70°C. The FID 
detector heater was set to 250°C and the TCD detector turned off. After the detector temperature 
reached about 150°C the air and hydrogen flows were turned on. When the detector temperature 
reached 200°C the electronics in the detector where turned on. It was important to allow the detector 
to heat up before turning on the electronics, because the electronics could have been damaged if turned 
prior to the detector heating up. The system was then allowed to reach steady state for approximately 
30 minutes before making any runs.  
3.1.3. Running the Gas Chromatograph 
 A methane reservoir was prepared for the experiments using an empty small Nalgene® bottle. 
Paraffin film wax was wrapped around the opening of the container in a cylindrical shape, and placed 
around the opening of a large methane tank. The valve of the methane tank was opened allowing 
methane to fill the container, and when the valve was closed the paraffin film was quickly closed over 
Ionic Liquid DQA016 DQA017 DPSP019 DPSP020 [C6Mpy][Tf2N] [C8Mpy][Tf2N] [C10Mpy][Tf2N]
58.53 61.19 58.81 63 60.31 60.78 58.56
58.53 60.94 58.81 62.43 60.19 60.28 58.78
58.53 61.13 58.81 62.28 60.19 60.44 58.84
58.53 61.12 58.81 62.53 60.25 60.53 58.6
62.19 60.25 60.25
61.81 60.34
average 58.53 61.10 58.81 62.37 60.24 60.44 58.70
Flow(ml/min) 20.50 19.64 20.40 19.24 19.92 19.86 20.44
Time to fill 20 
ml of Volume 
in seconds
Helium flow in columns
the opening of the methane reservoir to trap the methane inside. To prepare the solute the lid of the 
particular solute was removed and paraffin film wax was quickly placed over the lid.  
 Before the sample was obtained for injection, the syringe was rinsed by drawing air in and out 
several times. The syringe was pushed through the paraffin of the solute container and then rinsed again 
with the vapors of the solute, in the same manner as done with air. Approximately 1 µl of the solute 
vapor was drawn into the syringe. The Syringe was then quickly moved from the solute container to the 
methane reservoir, and approximately 1 µl of methane was drawn into the syringe. The syringe was 
quickly moved to the injector, and in one rapid movement the sample was injected and the syringe 
pressed all the way down to touch the injector beginning the run. Methane was used in every injection 
due to the relatively constant retention time at different temperatures and different solvents. This 
allowed for a comparison to be made between the retention time of methane and each of the 40 
different solutes. 
This process was repeated for each solute at each of the three temperatures. Before changing 
temperatures, a thermocouple was placed inside the oven of the gas chromatograph, and allowed to 
regain steady state for approximately 30 minutes before the oven temperature was recorded. This was 
done to obtain a more precise measurement than given by the gas chromatograph, needed for 
calculations. After that a new column was prepared with a different ionic liquid and the entire process 
repeated again. This was done for 7 ionic liquids. Ionic liquids with different combinations of cations and 
anions were tested.  
3.1.4. Shutting Down the Gas Chromatograph 
 To shut down the gas chromatograph, the operating conditions were first adjusted on the 
Galaxie® program. The electronics and the heater of the detector were turned off, along with the 
injector heater. The helium flow rate was turned down to 2 ml/min. When the detector cooled to 
approximately 100°C, the hydrogen and air flow rates to the detector were turned off. After allowing the 
detectors and injector temperatures to cool to room temperature the gas chromatograph was shut 
down. The valves leading to the system for hydrogen, air, and helium were closed. Overnight this 
process was often taken to reduce the amount of gas flowing through the system, except the gas 
chromatograph was not shut off, and the helium valve remained open with a flow rate of 2 ml/min. 
 The columns were emptied out after testing was completed. In this way materials were 
conserved, and the same physical column was used for multiple ionic liquids. To empty a column, 
tweezers were used to pull the glass wool out of the ends of the column. The column was straightened 
out and tapped thoroughly with the tweezers. This was done up and down the length of the column 
until the stationary phase no longer fell out the bottom. The stationary phase was collected in a small 
beaker then dumped into an organic waste container, due to the small amounts of ionic liquid. High 
pressure air was blown through the empty column to remove anything that may not have fallen out 
before hand, and the column was rinsed with acetone to ensure absolutely no residue remained in the 
column. The emptied columns were left to dry overnight before being packed another ionic liquid 
mixture.   
3.1.5. Analyzing the Retention Data 
 For the calculation of thermodynamic properties of organic compounds in ionic liquids, it is 
necessary to have physico-chemical properties of pure organic compounds. The molar mass, M1, in 
Kg/mol for all the solutes was used for calculations. The density, ρ1, in Kg/m
3 and vapor pressure, P1, in 
Pascals were dependent on the oven temperature and had solute specific formulas for each solvent 
already entered. These values can be found in appendix A. Molar volume, V1, was calculated with the 
equation: 
   
  
  
 
Equation 1 
 
and resulted in units of m3/mol(Revelli & Mutelet, 2009). The vapor pressure of water was calculated 
with the following equation:  
                     
       
     
  
Equation 2 
 
and yielded units of Pascals (Revelli & Mutelet, 2009). Five thermodynamic system constants, A, B, C, D, 
and E, were used to calculate B11, the second virial coefficient of pure solutes, and were calculated 
through the following equation (Revelli & Mutelet, 2009): 
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Equation 3 
For the calculation of activity and partition coefficients the certain retention data needed to be 
recorded. The flow of helium, Uo, was measured only once in ml/min at room temperature, and 
remained constant for all of the data entries. The temperature of the oven, Toven, was measured in 
degrees Celsius for each oven temperature, but was measured three times in total for each column. The 
temperature of the room, Troom, and atmospheric pressure, Patm, were measured each day and were 
recorded for solutes that were injected each specific day. The temperature was measured in degrees 
Celsius using a thermocouple, and the atmospheric pressure was measured in bars using an electronic 
pressure gauge. For every run the outlet pressure of the column, ΔP, and the retention times of 
methane and the injected solute, tRCH4 and tRsolute respectively, were recorded. The outlet pressure of the 
column in Pascals was read of the display of the gas chromatograph. The retention times were 
determined automatically through Galaxie®, and were obtained by loading the chromatographs after 
the run was stopped. The retention times were recorded in minutes. All temperature and pressure data 
was converted Kelvin and Pascals respectively.  
The first important calculation made was the determination of the correction factor J. This 
corrected for the influence of the pressure drop over the length of the column when calculating 
retention volume.  J was calculated with the following equation: 
        
  
    
        
  
    
      
Equation 4 
 
where Pc is the pressure in the column determined by the sum of ΔP and Patm (Revelli & Mutelet, 2009). 
The difference between the retention times of the solute and of methane results in adjusted retention 
time, tR’. The standardized retention volume was then calculated with the following equation (Revelli & 
Mutelet, 2009): 
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Equation 5 
 
The natural logarithm of the activity coefficient at infinite dilution, γ, of each solute and the ionic liquid 
acting as a solvent was calculated using the following equation (Revelli & Mutelet, 2009): 
                                             
                                  
Equation 6 
 
From this the activity coefficient at infinite dilution can be calculated by taking the exponential function 
of the natural logarithm of activity coefficient. Lastly the partition coefficients were determined using 
the activity coefficients. The logarithm of the partition coefficients was calculated with the following 
equation: 
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Equation 7 
 
where MIls is the molar mass of the ionic liquid in g/mol, and ρIls is the density of the ionic liquid in g/cm
3 
(Revelli & Mutelet, 2009).  
  
3.2. Equipment 
3.2.1 Gas Chromatographs 
 Two gas chromatographs were used in the experiments in order to allow for testing on two 
different ionic liquids simultaneously. The first gas chromatograph used was the Bruker 450-GC. A FID, 
flame ionization detector, was used. The chromatograph also has a touch screen display that allows 
operating conditions and pressures to be checked and recorded for calculation purposes. The set flow 
rates for hydrogen and air were 30 and 270 ml/min respectively. These gases are involved in the 
combustion that took place in order for the FID detector to work. For both chromatographs, helium was 
the carrier gas of the injection samples, and was set at 20 ml/min. Although this chromatograph has 
capabilities for automatic injection, all injections were done by hand (Bruker Daltonik, 2010). 
The second gas chromatograph used was the Varian CP-3800 gas chromatograph. A FID detector 
was used. There was also a display for this chromatograph and was used to record pressure and 
operating conditions of the chromatograph. The set flow rates for hydrogen and air were 30 and 300 
ml/min respectively. Injections were also made by hand and for this chromatograph. For both 
chromatographs, injections were made using Hamilton syringes that ranged from 5 µl to 10 µl (Varian 
Inc., 2004).  
The Galaxie® program was used to obtain the retention data and set the operating conditions of 
the gas chromatographs, which made running the chromatographs and recording data much simpler. 
Through Galaxie® a new method was opened, where operating conditions were set to the desired 
temperatures and helium flow rates. This was then sent through a local network to the gas 
chromatograph to adjust the conditions on the machine. Every run was acquisitioned for on the Galaxie® 
program, and when the injection needle hit the injector the run began. From this point, data was 
automatically sent from the gas chromatograph to the computer, where Galaxie® computed peak 
retention times (Agilent, 2012). 
3.2.2. Tools for Column Preparation 
 The pump was used to create a vacuum for both the rotating evaporator and the oven that were 
used in the preparation of packed columns. The pump used was an Ilmvac© diaphragm pump. The 
pump was used to create a vacuum for both the rotating evaporator and the oven, both of which were 
used to purify the Chromosorb® and ionic liquid mixtures from impurities such as ethanol and water that 
may have been absorbed through contact with air. The pump had the capability to achieve less than 8 
mbars of pressure and has a pumping speed of 2.3-2.5 m3/h (Ilmvac GmbH, 2009).  
 The rotating evaporator used was a Buchi Rotavapor R-200. The evaporator consisted of a 
rotating end where a flask can be attached. This flask contained the mixture desired to be purified. The 
rotating end can reach a maximum of 280 rpm. On the other end of the evaporator was condenser. The 
condenser contained coils through which cooling water flows. This surrounded a tube in which the vapor 
from the flask passed through. After the vapor condensed it was collected in a separate flask 
underneath the condenser. To enhance evaporation the rotating end was lowered into a warm water 
bath that can reach temperatures of 180 °C. For the purpose of these experiments the bath was set 
between 40 and 50°C. At the end of the condenser there was the attachment point for a tube that was 
connected to the pump to create the vacuum inside the evaporator (BÜCHI, 2011). 
 The oven used to further purify the packing material mixtures was a Jeio Tech OV-12. This oven 
was a vacuum oven with a vacuum range of 0 to 0.1 MPa. The temperature range of the oven was 5°C 
above room temperature to 250°C. The oven chamber was 65L, and the oven came equipped with a 
digital timer and temperature display (Jeiotech).  
4. Results and Discussion 
 
 The main objective of this MQP was to study the activity coefficients between seven different 
ionic liquids, and 40 different organic compounds. Through the use of inverse gas chromatography, the 
difference between the retention times of methane and the organic compounds was analyzed. This 
information was used to calculate the activity coefficients for between each ionic liquid and each 
organic compound at temperatures of 50°C, 60°C, and 70°C.  
4.1. Activity Coefficients at 50°C, 60°C, and 70°C 
 
 The activity coefficients have been organized into tables in order to directly compare the values 
for the 7 ionic liquids. It is not expressed in the logarithm form so that comparisons can be made more 
easily between each ionic liquid and with existing literature. The following three tables contain the 
activity coefficients between the organic compounds and the ionic liquids for the oven temperatures of 
50°C, 60°C, and 70°C respectively.  
 
Table 6: Activity Coefficients at 50 °C 
 
Solute
DQA016 DQA017 DPSP019 DPSP20 [C6MPY][TF2N] [C8MPY][TF2N] [C10MPY][TF2N]
Hexane 3.326 3.343 7.769 5.015 2.921
3-Methylpentane 3.026 3.050 6.546 4.610 2.687
Heptane 4.275 4.182 10.622 6.405 3.619
Octane 5.409 227.112 5.201 14.308 8.100 4.512
Nonane 368.554 7.519 351.838 7.106 21.188 11.266 6.127
Decane 461.099 8.788 388.802 8.102 26.098 14.772 6.934
Undecane 611.610 11.126 504.460 10.212 34.533 16.819 8.599
Dodecane 747.765 606.252
Tridecane 946.980 751.651
Tetradecane 1073.022 897.167
Methylcyclopentane 2.277 2.327 4.922 3.126 2.138
Cyclohexane 2.249 2.219 5.179 3.454 2.066
Methylcyclohexane 2.819 2.715 6.597 4.217 2.487
Cycloheptane 5.789 5.269 14.065 8.617 5.153
Benzene 10.414 0.551 8.260 0.696 0.760 0.605 0.460
Toluene 25.267 0.726 19.518 0.897 0.990 0.762 0.564
Ethylbenzene 53.440 0.989 42.707 1.200 1.381 1.033 0.745
M-Xylene 60.499 1.029 46.826 1.252 1.290 1.002 0.727
P-Xylene 57.087 1.036 44.628 1.214 1.352 1.012 0.734
O-Xylene 56.535 0.932 40.824 1.143 1.178 0.924 0.676
1-Hexene 2.307 2.430 4.576 3.174 1.974
1-Hexyne 1.287 1.292 2.104 1.566 1.103
1-Heptyne 75.057 1.416 1.562 2.247 1.942 1.333
2-Butanone 8.892 0.346 12.483 0.444 0.421 0.364 0.290
2-Pentanone 17.938 0.419 25.536 0.569 0.593 0.493 0.382
3-Pentanone 17.010 0.425 25.288 0.517 0.470 0.451 0.348
1,4 Dioxane 5.234 0.527 7.813 0.736 0.582 0.545 0.447
Methanol 1.408 0.544 2.079 0.410 0.941 0.969 0.634
Ethanol 12.324 0.687 12.917 0.579 1.414 1.330 1.075
1-Propanol 5.022 1.427 6.749 0.579 1.728 1.486 1.190
2-Propanol 5.223 1.399 8.300 0.693 1.552 1.400 1.120
2-Methyl-1-Propanol 9.750 1.513 12.220 0.569 1.882 1.593 1.251
1-Butanol 10.171 1.613 11.490 2.360 6.302 6.056 4.630
Diethylether 1.149 1.324 1.566 1.343 0.935
Diisopropyl Ether 2.092 2.265 3.196 2.571 1.686
Chloroform 5.781 0.482 2.739 0.301 0.680 0.561 0.426
Dichloromethane 3.935 0.390 3.559 0.357 0.565 0.466 0.355
Tetrachloromethane 1.124 12.361 0.957 1.791 1.389 0.970
Acetonitrile 1.441 0.422 1.520 0.583 0.467 0.432 0.362
Nitromethane 10.158 0.569 6.984 0.691 0.572 0.535 0.466
1-Nitropropane 32.847 0.531 23.103 0.633 0.660 0.555 0.457
Pyridine 1.558 0.312 13.828 0.489 0.519 0.423 0.346
Thiophene 5.866 0.547 5.132 0.644 0.700 0.566 0.439
Ionic Liquids
Table 7: Activity Coefficients at 60 °C 
 
Solute
DQA016 DQA017 DPSP019 DPSP20 [C6MPY][TF2N] [C8MPY][TF2N] [C10MPY][TF2N]
Hexane 3.198 2.589 7.413 4.801 2.754
3-Methylpentane 2.918 2.828 6.485 4.517 2.451
Heptane 4.077 3.816 9.465 6.064 3.476
Octane 5.176 274.141 4.711 13.424 7.803 4.328
Nonane 321.090 7.062 323.323 6.340 18.249 10.722 5.839
Decane 429.809 8.129 406.767 7.172 19.049 12.509 6.597
Undecane 592.199 10.184 477.471 8.857 31.087 15.645 8.149
Dodecane 685.328 584.432
Tridecane 881.940 731.285
Tetradecane 1063.467 859.376
Methylcyclopentane 2.128 2.150 4.534 3.363 2.011
Cyclohexane 2.106 2.055 4.657 3.307 1.973
Methylcyclohexane 2.686 2.503 6.098 4.043 2.390
Cycloheptane 7.879 7.339 19.090 12.096 7.085
Benzene 9.291 0.568 7.863 0.312 0.773 0.617 0.460
Toluene 22.640 0.740 17.780 1.853 1.019 0.782 0.570
Ethylbenzene 46.713 1.011 38.588 1.144 1.438 0.980 0.756
M-Xylene 55.850 0.647 42.276 0.719 1.397 0.844 0.729
P-Xylene 51.519 1.036 41.216 1.197 1.407 0.993 0.739
O-Xylene 50.124 0.939 36.552 1.100 1.281 0.873 0.685
1-Hexene 2.288 2.296 4.647 3.017 1.917
1-Hexyne 1.281 1.256 2.108 1.582 1.080
1-Heptyne 1.594 1.527 2.800 1.893 1.332
2-Butanone 8.119 0.326 10.489 0.390 0.420 0.342 0.267
2-Pentanone 18.494 0.466 24.089 1.086 0.651 0.509 0.386
3-Pentanone 16.770 0.434 22.312 0.508 0.605 0.466 0.354
1,4 Dioxane 5.134 0.531 7.407 0.700 0.652 0.518 0.441
Methanol 0.489 1.843 0.379 0.907 1.095 0.706
Ethanol 2.618 0.758 2.167 0.538 1.404 1.255 0.977
1-Propanol 4.886 1.308 5.020 0.543 1.644 1.292 1.071
2-Propanol 5.086 1.265 6.919 0.644 1.532 1.275 1.004
2-Methyl-1-Propanol 9.400 1.372 11.299 0.532 7.631 1.436 1.115
1-Butanol 9.613 1.454 10.276 5.248 6.431 4.978 4.198
Diethylether 1.097 1.268 1.767 1.341 0.908
Diisopropyl Ether 2.077 2.162 3.572 2.575 1.662
Chloroform 5.572 0.499 2.911 0.313 0.723 0.582 0.434
Dichloromethane 4.320 0.412 3.178 0.371 0.596 0.480 0.366
Tetrachloromethane 1.125 11.985 0.937 1.858 1.300 1.421
Acetonitrile 1.866 0.378 1.515 0.535 0.458 0.388 0.362
Nitromethane 9.400 0.559 6.662 0.634 0.572 0.514 0.449
1-Nitropropane 29.414 0.528 20.912 0.585 0.660 0.517 0.444
Pyridine 1.730 0.303 5.857 0.467 0.523 0.390 0.342
Thiophene 5.559 0.552 5.160 0.616 0.712 0.495 0.438
Ionic Liquids
Table 8: Activity Coefficients at 70 °C 
 
There are gaps in the data due to one of two possible scenarios. In the case of DQA016 and 
DPSP019 the retention times of the organic compounds was so small, the peak retention of methane 
and the peak retention of the organic compound were indistinguishable from each other. Therefore, the 
calculations of the activity coefficients were not possible. In the case of the other 5 ionic liquids, no data 
Solute
DQA016 DQA017 DPSP019 DPSP20 [C6MPY][TF2N] [C8MPY][TF2N] [C10MPY][TF2N]
Hexane 3.089 2.961 7.134 4.053 2.650
3-Methylpentane 2.787 2.724 6.393 4.080 2.449
Heptane 3.968 3.663 9.622 5.132 3.323
Octane 4.918 4.527 12.959 6.542 4.144
Nonane 6.668 263.142 6.001 18.565 9.137 5.501
Decane 337.724 7.641 338.667 6.802 22.835 10.979 6.257
Undecane 476.984 9.468 451.743 8.301 30.227 14.637 7.669
Dodecane 648.752 575.780
Tridecane 807.390 728.043
Tetradecane 996.995 860.625
Methylcyclopentane 2.182 2.009 4.781 2.844 1.916
Cyclohexane 2.116 1.958 4.692 3.061 1.888
Methylcyclohexane 2.601 2.394 6.055 3.896 2.269
Cycloheptane 10.840 9.927 25.187 15.385 9.600
Benzene 9.171 0.577 7.084 0.667 0.783 0.610 0.462
Toluene 22.139 0.755 16.607 0.869 1.042 0.740 0.576
Ethylbenzene 44.526 1.026 35.176 1.150 1.464 1.044 0.760
M-Xylene 49.949 1.052 38.712 1.194 1.427 1.048 0.739
P-Xylene 46.276 1.041 37.028 1.163 1.425 1.045 0.739
O-Xylene 45.588 0.960 46.946 1.097 1.314 0.971 0.694
1-Hexene 2.247 2.228 4.454 2.578 1.850
1-Hexyne 1.266 1.247 2.094 1.338 1.060
1-Heptyne 1.578 1.521 2.793 1.903 1.319
2-Butanone 7.040 0.299 8.922 0.354 0.389 0.314 0.243
2-Pentanone 17.679 0.472 21.686 0.552 0.662 0.485 0.388
3-Pentanone 16.402 0.445 19.997 0.518 0.624 0.442 0.362
1,4 Dioxane 5.179 0.529 7.045 0.687 0.655 0.503 0.435
Methanol 0.671 2.514 0.345 0.949 0.711 0.605
Ethanol 2.834 1.064 2.866 0.521 1.311 0.979 0.879
1-Propanol 4.800 1.183 5.839 0.529 1.499 1.144 0.953
2-Propanol 4.919 1.154 7.115 0.627 1.402 1.058 0.900
2-Methyl-1-Propanol 8.770 1.241 10.894 0.524 1.656 1.219 1.003
1-Butanol 9.255 1.312 10.860 4.304 5.310 3.806 3.043
Diethylether 1.132 1.086 1.765 1.144 0.901
Diisopropyl Ether 2.018 2.148 3.547 2.262 1.624
Chloroform 0.507 3.076 0.330 0.747 0.529 0.442
Dichloromethane 0.422 3.014 0.381 0.620 0.440 0.376
Tetrachloromethane 1.112 11.567 0.952 1.867 1.148 0.940
Acetonitrile 4.667 0.435 1.412 0.514 0.479 0.372 0.352
Nitromethane 9.283 0.536 6.238 0.603 0.564 0.477 0.430
1-Nitropropane 26.738 0.521 19.682 0.576 0.657 0.512 0.434
Pyridine 1.809 0.310 5.602 0.464 0.530 0.405 0.341
Thiophene 5.462 0.515 4.717 0.613 0.722 0.530 0.436
Ionic Liquids
was collected for dodecane, tridecane, or tetradecane. It was advised against testing these compounds 
on these ionic liquids, due to the exceptionally large magnitude of the retention times. With the vast 
amount of injections that were done, there was not enough time to obtain data for these three 
compounds, as it would have taken upwards of 2 to 3 hours per compound.  
4.2. Effect of the Cation on Activity Coefficient 
 The effect of the cation on the activity coefficient can be examined by analyzing the activity 
coefficients of the columns; DQA017, DPSP020, [C6Mpy][Tf2N], [C8Mpy][Tf2N], and [C10Mpy][Tf2N], 
since they all share a common anion of bis((trifluoromethyl)sulfonyl)imides. A common trend can be 
seen between the number of carbon atoms in the cation and the activity coefficient. Most of the organic 
compounds experience decreases in activity coefficients as the cations increase in number of carbons. 
Therefore activity coefficients decrease in an order of [C6Mpy][Tf2N]> [C8Mpy][Tf2N]> 
[C10Mpy][Tf2N]>DQA017>DPSP020. On the other hand this was not found to be true for the majority of 
aromatics, ketones, alcohols, non-alkane based cyclic compounds, and nitrogen based alkanes. These 
compounds were found to have a higher activity coefficient for [C10Mpy][Tf2N], than that of 
[C8Mpy][Tf2N]. This may be partly due to the high flow rate in the [C10Mpy][Tf2N] column, which may 
have been the result of the column not being fully packed. This could have the potential to allow the 
injection samples to pass more easily through the column, lowering their retention times, and thus 
raising the activity coefficients. It could also be due to the higher polarity of these compounds, 
compared to normal alkanes (Virtual Chembook, 2003). The larger [C10Mpy][Tf2N] molecule would be 
less polar than the [C8Mpy][Tf2N] molecule and would result in greater interference with the sample 
passing through the column.  
 The DQA017 and the DPSP020 both have the same number of carbon atoms, 18, so it was 
difficult to predict the change in activity coefficients for these two ionic liquids. For the majority of the 
solvents, the activity coefficients decrease from DQA017 to DPSP020. Since DPSP020 has a higher 
molecular weight this was found to be consistent with the hypothesis. Solvents with activity coefficients 
that increased from DQA017 to DPSP020 consisted of aromatics, ethers, alkenes and alkynes, and other 
compounds such as Acetonitrile, nitromethane, nitropropane, pyridine, and thiophene. These increases 
were consistent at all three oven temperatures. All of these compounds are polar molecules, which may 
again be the cause of the increase in activity coefficient (Virtual Chembook, 2003). DQA017 and 
DPSP020 have different cations. The cation for DQA017 contains nitrogen, whereas the cation for 
DPSP020 has a phosphorus atom instead of a nitrogen atom at the center of the molecule, making it 
slightly less polar. The more polar DQA017 would cause a lower activity coefficient in more polar organic 
compounds.  
4.3. Effect of Anion on Activity Coefficient 
 The effect of the anion can be examined comparing DQA016 with DQA017 and DPSP019 with 
DPSP020, because each pair shares a common cation, yet their anions differ. It can be seen that the 
change in anions had a much more profound effect on the activity coefficient, than those with differing 
cations. The ionic liquids with hexafluorophosphate, DQA016 and DPSP019, have significantly higher 
activity coefficients than those with bis((trifluoromethyl)sulfonyl)imides, DQA017 and DPSP020. This was 
most likely due to the size difference in the anions. Hexafluorophosphate has a molecular weight 
equivalent to about one half that of bis((trifluoromethyl)sulfonyl)imides. It was clear that the anion had 
a much greater the effect on the activity coefficient than the cation did.   
4.4. Trends in Organic Compounds 
 The trends in activity coefficients of the organic compounds were shared in all seven of the ionic 
liquid columns. A general trend showed that increases in carbon chain length in the organic compounds 
would result in increased activity coefficients, yet the activity coefficients of different types of organic 
compounds differed. The general trend seen in all columns at all different temperatures was γAlkanes> 
γAlkenes> γAlkynes> γaromatics. This trend was same as the trends found in literature (Mutelet & Jaubert, 2007; 
Mutelet, Jaubert, Rogalski, Harmand, Sindt, & Mieloszynski, 2008). This is due to increasing number of 
polarizable electrons present in double bonds and aromatic rings, causing intermolecular interactions 
between the ionic liquid and the solute to strengthen (Mutelet & Jaubert, 2007). It was also found that 
the activity coefficient greatly increases from dichloromethane to tetrachlormethane, behavior that was 
observed with other ionic liquids, which indicates that polar compounds are more soluble in ionic liquids 
(Mutelet & Jaubert, 2007; Mutelet, Jaubert, Rogalski, Harmand, Sindt, & Mieloszynski, 2008). 
4.5. Effect of Oven Temperature on Activity Coefficient 
 A uniform trend that was found in all of the ionic liquids that were tested was the decrease in 
activity coefficients as the temperature of the oven increased. This was to be expected, since the 
solubility of a gas in a liquid increases as the temperature increases. This trend is also found in literature 
such as (Mutelet & Jaubert, 2007; Mutelet, Jaubert, Rogalski, Harmand, Sindt, & Mieloszynski, 2008). 
  
4.6 Selectivity and Capacity 
Activity coefficients can be used to calculate the selectivity. The selectivity indicates the 
suitability of a solvent for use in separating mixtures containing compounds 1 and 2 by extractive 
distillation. Equation 8 defines the selectivity (Mutlet & Jaubert, 2006). 
   
  
     
 
     
  
Equation 8 
In this equation,    
  is the selectivity of compound 1 compared with compound 2,      
  is the activity 
coefficient at infinite dilution of compound 1 compared with the ionic liquid. The selectivity values in 
Table 9 were calculated using the values for the activity coefficient from table 6. The values in table 9 
show that the selectivity values decrease for the pyridinium compounds as the length of the carbon 
chain increases. Values for selectivity for DQA016 and DPSP019 were not able to be calculated, due to 
the lack of activity coefficients for the studied compounds. 
Table 9: Selectivity Values for Several Separations at 50 °C 
 
Selectivity is useful in determining the effectiveness during extraction problems. An ideal 
compound would have a high selectivity and a capacity greater than one. In these cases, the selectivity 
values are not high enough to be considered effective solvents. The equation for calculating capacity is 
shown below. 
Compound 1 Hexane Hexane Hexane Cyclohexane
Compound 2 Benzene Methanol Thiophene Thiophene
DQA016 0 0 0 0
DQA017 6.03 6.11 6.08 4.11
DPSP019 0 0 0 0
DPSP020 4.81 8.15 5.19 3.45
[C6MPY][TF2N] 10.22 8.26 11.10 7.40
[C8MPY][TF2N] 8.29 5.18 8.86 6.10
[C10MPY][TF2N] 6.35 4.61 6.66 4.71
  
 
   
  
Equation 9 
Capacity for salvation refers to the amount of solvent required to solvate a particular solute. If 
the capacity value is greater than one, then the intermolecular interactions are favorable for making 
binary solutions with the two indicated compounds. These results indicate that only 85 binary 
interactions favor salvation out of approximately 250 that were tested at this temperature. The results 
also indicate that the hexafluorophosphate anion has a negative effect on the capacity of the two ionic 
liquids tested. This is related to the high activity coefficients also associated with this anion. The 
aromatic compounds, the ketones and the nitrogen compounds showed slight favorability towards 
solution with the ionic liquids containing the bis(trifuluromethylsufonyl)imides anion. From these 
results, the most effective solutions would likely include [c6mpy][tf2n] as well as hexane and benzene or 
hexane and thiophene.  
Table 10: Capacity Values for Ionic Liquids at 50 °C 
 
  
Solute
DQA016 DQA017 DPSP019 DPSP020 [C6MPY][TF2N] [C8MPY][TF2N] [C10MPY][TF2N]
Hexane 0.301 0.299 0.129 0.199 0.342
3-Methylpentane 0.330 0.328 0.153 0.217 0.372
Heptane 0.234 0.239 0.094 0.156 0.276
Octane 0.185 0.004 0.192 0.070 0.123 0.222
Nonane 0.003 0.133 0.003 0.141 0.047 0.089 0.163
Decane 0.002 0.114 0.003 0.123 0.038 0.068 0.144
Undecane 0.002 0.090 0.002 0.098 0.029 0.059 0.116
Dodecane 0.001 0.002
Tridecane 0.001 0.001
Tetradecane 0.001 0.001
Methylcyclopentane 0.439 0.430 0.203 0.320 0.468
Cyclohexane 0.445 0.451 0.193 0.290 0.484
Methylcyclohexane 0.355 0.368 0.152 0.237 0.402
Cycloheptane 0.173 0.190 0.071 0.116 0.194
Benzene 0.096 1.814 0.121 1.438 1.315 1.653 2.175
Toluene 0.040 1.377 0.051 1.115 1.010 1.313 1.772
Ethylbenzene 0.019 1.011 0.023 0.833 0.724 0.968 1.343
M-Xylene 0.017 0.972 0.021 0.799 0.775 0.998 1.376
P-Xylene 0.018 0.965 0.022 0.824 0.740 0.988 1.363
O-Xylene 0.018 1.072 0.024 0.875 0.849 1.082 1.479
1-Hexene 0.433 0.411 0.219 0.315 0.507
1-Hexyne 0.777 0.774 0.475 0.639 0.906
1-Heptyne 0.013 0.706 0.640 0.445 0.515 0.750
2-Butanone 0.112 2.893 0.080 2.250 2.376 2.749 3.446
2-Pentanone 0.056 2.388 0.039 1.759 1.688 2.028 2.616
3-Pentanone 0.059 2.354 0.040 1.933 2.127 2.215 2.874
1,4 Dioxane 0.191 1.897 0.128 1.358 1.717 1.836 2.240
Methanol 0.710 1.838 0.481 2.437 1.063 1.032 1.577
Ethanol 0.081 1.456 0.077 1.726 0.707 0.752 0.930
1-Propanol 0.199 0.701 0.148 1.728 0.579 0.673 0.840
2-Propanol 0.191 0.715 0.120 1.443 0.644 0.714 0.893
2-Methyl-1-Propanol 0.103 0.661 0.082 1.757 0.531 0.628 0.800
1-Butanol 0.098 0.620 0.087 0.424 0.159 0.165 0.216
Diethylether 0.870 0.755 0.639 0.745 1.069
Diisopropyl Ether 0.478 0.441 0.313 0.389 0.593
Chloroform 0.173 2.073 0.365 3.323 1.470 1.781 2.345
Dichloromethane 0.254 2.566 0.281 2.798 1.769 2.145 2.814
Tetrachloromethane 0.889 0.081 1.045 0.558 0.720 1.031
Acetonitrile 0.694 2.372 0.658 1.717 2.142 2.315 2.760
Nitromethane 0.098 1.759 0.143 1.446 1.749 1.868 2.146
1-Nitropropane 0.030 1.883 0.043 1.581 1.516 1.802 2.187
Pyridine 0.642 3.208 0.072 2.046 1.928 2.364 2.892
Thiophene 0.170 1.829 0.195 1.553 1.429 1.767 2.278
Ionic Liquids
5. Conclusion 
 It was hypothesized that larger carbon chains in ionic liquids, as well as ionic liquids with larger 
contributing groups would result in smaller activity coefficients. Through the experiments it was found 
that this was partly true. Larger ionic liquids were found to have smaller activity coefficients with organic 
compounds that have low polarity, such as alkanes, cyclic alkanes, and ethers. Compounds with a higher 
polarity, such as alcohols, ketones, and aromatics, were found to have higher activity coefficients with 
larger ionic liquids. The lower polarity of the larger ionic liquids was found to have more effect on polar 
compounds, than the size of the ionic liquid itself. It was also found that the anion had a much larger 
effect on the activity coefficient than the cation. DQA016 and DPSP019 were found to have significantly 
higher activity coefficients than DQA017, DPSP020, [C6Mpy] [Tf2N], [C8Mpy] [Tf2N], and 
[C10Mpy][Tf2N]. The activity coefficients of the five ionic liquids with the 
bis((trifluoromethyl)sulfonyl)imide anion did not differ nearly to the extent that the activity coefficients 
changed with the hexafluorophosphate anion. 
 It was also hypothesized that increases in oven temperature would result in a decrease in 
activity coefficients, which was found to be true throughout all the experiments. Lastly, it was 
hypothesized that the larger organic compounds would have greater activity coefficient than smaller 
organic compounds. This was found to be true within groups of organic compounds, but groups of 
compounds with more polarizable electrons, such as alkenes, alkynes, and aromatics, were found to 
have smaller coefficients than compounds such as alkanes, even if they were of larger size.  
 In conclusion both the size and polarity of ionic liquids and organic compounds play a major role 
in the magnitude of the activity coefficients. The data obtained from these experiments can be added to 
the growing data available on ionic liquids worldwide, and can be used to learn more about the 
potential uses of these ionic liquids as solvents in future chemical engineering processes.   
6. Appendices 
6.1. Appendix A: Calculations 
6.1.1. Sample Calculation for Hexane at 70°C 
First the molar volume of hexane was determined with the molecular weight and density. 
   
  
  
 
             
            
                  
Then the vapor pressure of water at room temperature was calculated. 
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The second virial coefficient of hexane at the oven temperature was calculated with the five 
thermodynamic constants A, B, C, D, and E. 
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The correction factor J was calculated with the pressure in the column and the pressure of the 
atmosphere. 
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The retention volume was then calculated using the correction factor, flow rate of helium through the 
column, room and oven temperatures, the pressure of the atmosphere, and water’s vapor pressure at 
room temperature. 
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The natural logarithm of the activity coefficient was then calculated using the retention volume, vapor 
pressures of hexane, the second virial coefficient of hexane, the number of moles of hexane, and the 
temperature of the oven.  
                                             
                                 
                                                               
                                                        
               
Lastly the base ten logarithmic of the partition coefficient was calculated using the temperature of the 
oven, the vapor pressure of hexane, the activity coefficient, and the molecular weight and density of the 
ionic liquid in the stationary phase. In this case 1-n-decyl-3-methylpyridinium was the ionic liquid used.  
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6.1.2 Excel Spreadsheet 
The first sheet in the excel file is where characteristics of the column, stationary phase, and ionic liquid 
are entered. 
 
Figure 3: Screen Capture of Spreadsheet - Characteristics of the Column 
This small box located on the top right hand corner of each of the excel sheets is where the temperature 
of the oven is entered.  
 
Figure 4: Screen Capture of Spreadsheet - Oven Temperature 
 
 
 
 
 
 
 
 
 
 
mass empty column  (g) 48.2953
mass full column (g) 49.6238
mass with cotton (g) 49.687
mass silica+phase (g) 1.3285
Chromosorb WHP (g) 2.0529
Ionic Liquid (g) 0.8241
Density of Ionic Liquid (g/cm3) 1.2000 percent phase stationnaire 0.28644421
mass IL in column (g) 0.38054114
Molar mass of Ionic Liquid (g/mol) 506.57
# of moles IL (moles) 0.00075121
Entered Parameters Calculated Parameters
Oven temp ( K) 342.75
At the beginning of the excel sheets where the data is entered and the calculations are made, the 
columns regarding the physical properties of the organic compounds are found. This is where the 
molecular weight, density, molar volume, vapor pressure, and the second virial coefficient for the 
organic compounds are found.  
 
 
Figure 5: Screen Capture of Spreadsheet - Physical and Thermodynamic Properties of Organic Compounds 
 
 
 
 
 
 
 M1 (kg/mol) r 1  (kg/m
3) V1 (m
3/mol) P1 (Pa) Pwater (Pa) at TRoom A B C D E B11 (m
3/mol)
Hexane 0.08618 612.7475196 0.000140645 103912.8088 3040.261636 0.197 -200 -3.71E+07 1.67E+19 -6.18E+21 -0.001314888
3-Methylpentane 0.08618 615.9040229 0.000139924 123092.0112 3040.261636 0.2197 -311.6 -2.16E+07 1.09E+18 -1.26E+21 -0.001238536
Heptane 0.1002 640.7264768 0.000156385 39910.82201 3040.261636 0.2746 -291 -4.42E+07 -8.80E+19 1.29E+22 -0.00193682
Octane 0.11423 660.8235726 0.00017286 15557.53372 3040.261636 0.2739 -321.44 -6.68E+07 -1.27E+20 1.61E+22 -0.002744304
Nonane 0.12826 678.3655195 0.000189072 5712.636307 3040.261636 0.3906 -468.6 -6.68E+07 -7.89E+20 1.82E+23 -0.003991713
Decane 0.14229 691.6901033 0.000205714 2467.376375 3040.261636 0.48 -588.5 -76060000 -1.213E+21 3.994E+23 -0.003376498
Undecane 0.15632 703.6536457 0.000222155 997.8155367 3040.261636 0.583 -727.3 -82940000 -2.964E+21 7.749E+23 -0.007290599
Methylcyclopentane 0.084161278 700.3384969 0.000120172 94612.99834 3040.261636 0.12868 -109.83 -39037000 4.4979E+19 -1.0791E+22 -0.001090395
Cyclohexane 0.08416 730.9348794 0.00011514 71561.02285 3040.261636 0.1814 -187.8 -27480000 -5.483E+19 1.0435E+22 -0.00117702
Methylcyclohexane 0.098188156 725.9279489 0.000135259 38119.35268 3040.261636 0.20885 -248.05 -33865000 -2.6966E+19 4.1357E+21 -0.001434127
Cycloheptane 0.09819 768.1562671 0.000127826 4923.056996 3040.261636 0.2074 -233.9 -49370000 -1.415E+20 2.5024E+22 -0.002060728
Benzene 0.07811 825.5150719 9.46197E-05 72469.19132 3040.261636 0.15059 -186.94 -23146000 -7.0493E+18 -6.8786E+20 -0.001017205
Toluene 0.09214 819.7753684 0.000112397 26913.32364 3040.261636 0.18371 -215.67 -43127000 -8.1488E+19 1.2116E+22 -0.001758831
Ethylbenzene 0.10617 844.5977959 0.000125705 11179.77948 3040.261636 0.2304 -297.39 -56249000 -2.8862E+19 -1.6478E+22 -0.002438157
M-Xylene 0.10617 825.8982557 0.000128551 9933.990189 3040.261636 0.1675 -45.04 -89620000 -4.854E+20 1.0268E+23 -0.003165256
P-Xylene 0.10617 819.4030763 0.00012957 10390.41942 3040.261636 0.06736 50.5 -106470000 -8.98E+19 -1.56E+22 -0.00313994
O-Xylene 0.10617 836.1401257 0.000126976 8171.876161 3040.261636 0.1464 -94.4 -87730000 -2.2683E+20 3.0363E+22 -0.003033625
1-Hexene 0.08416 626.3555857 0.000134365 122472.5 2897.301058 0.2143 -242.5 -24905000 -2.0964E+19 2.841E+21 -0.001178281
1-Hexyne 0.082145393 668.1449345 0.000122945 95842.93524 2897.301058 0.19982 -211.77 -27475000 -1.1926E+19 -1.7064E+21 -0.001189136
1-Heptyne 0.09617 687.4245271 0.000139899 36786.53857 2897.301058 0.24743 -296.08 -40125000 -2.4509E+19 -4.4662E+21 -0.001810011
2-Butanone 0.07211 751.7158021 9.59272E-05 98974.0724 2897.301058 0.0901 -66.7 -60500000 3.465E+20 -1.033E+23 -0.001370171
2-Pentanone 0.08613 757.926233 0.000113639 32892.64449 2897.301058 0.22325 -257.89 -35849000 -3.089E+20 5.9158E+22 -0.002135101
3-Pentanone 0.08613 1073.246017 8.02519E-05 35487.96818 2897.301058 0.1968 -218.73 -45060000 -1.569E+20 1.9653E+22 -0.002083156
1,4 Dioxane 0.08811 976.4715508 9.0233E-05 35177.8849 2897.301058 0.15506 -121.92 -57376000 -2.0813E+20 3.6322E+22 -0.002161949
Methanol 0.03204 743.5625558 4.30899E-05 123282.0991 2897.301058 0.013 -14.4 -20600000 7.6E+19 -4.62E+22 -0.000849292
Ethanol 0.04007 745.5432884 5.3746E-05 71129.23576 2897.301058 0.044 -55.7 -12900000 -6.49E+19 -2.58E+22 -0.00117483
1-Propanol 0.06009 762.4093857 7.88159E-05 32326.21881 2897.301058 0.0462 -55.6 -33370000 -3.2E+18 -2.561E+22 -0.001353863
2-Propanol 0.06009 741.3058079 8.10597E-05 59646.48242 2897.301058 0.03 -6.3 -43100000 1.99E+20 -8.61E+22 -0.001334959
2-Methyl-1-Propanol 0.07412 759.8358866 9.75474E-05 20600.4555 2897.301058 0.148 -134 -28400000 1.7E+18 -7.752E+22 -0.002126803
1-Butanol 0.07412 770.516861 9.61952E-05 13325.56393 2897.301058 0.189 -182 -40500000 -2.27E+20 4.54E+22 -0.001844194
Diethylether 0.07412 652.0616248 0.00011367 304664.693 2897.301058 0.1633 -136.8 -20080000 -1.75E+19 2.657E+21 -0.000785695
Diisopropyl Ether 0.10218 672.2574407 0.000151995 104868.0812 2897.301058 0.211 -204.4 -39600000 3.19E+19 -1.08E+22 -0.001367242
Chloroform 0.11938 1391.521141 8.5791E-05 132138.8598 2897.301058 0.164 -213.6 -12300000 -3.56E+19 7.19E+21 -0.00084144
Dichloromethane 0.08493 1229.107322 6.90989E-05 302511.3126 2897.301058 0.1211 -126.8 -11930000 -6.03E+18 2.40E+20 -0.000573116
Tetrachloromethane 0.15382 1530.125717 0.000100528 81232.73462 2897.301058 0.1867 -289.5 -21420000 3.00E+19 -8.58E+21 -0.00116383
Acetonitrile 0.04105 723.9248431 5.67048E-05 68644.09217 2897.301058 0.05538 -111.41 -5.90E+07 8.21E+19 -1.11E+23 -0.002998784
Nitromethane 0.06104 1062.995296 5.74226E-05 34500.74334 2897.301058 0.093446 -163.21 -4.39E+07 -1.04E+20 -1.21E+22 -0.002205281
1-Nitropropane 0.08909 952.8761743 9.34959E-05 12320.0318 3040.261636 -0.18924 -215.88 -5.66E+07 -6.13E+20 1.12E+23 -0.003722831
Pyridine 0.0791 930.3796023 8.50191E-05 21791.95201 3040.261636 -0.121 -162 -3.72E+07 -1.30E+18 -4.50E+21 -0.00159228
Thiophene 0.08414 1001.966164 8.39749E-05 63470.88779 2897.301058 -0.145 -254 -1.47E+07 -9.60E+18 2.20E+21 -0.001268093
Properties of pure compounds at temperature T
6.2. Appendix B: Partition Coefficients 
 
Table 11: Partition Coefficients at 50 °C 
 
 
 
Solute
DQA016 DQA017 DPSP019 DPSP20 [C6MPY][TF2N] [C8MPY][TF2N] [C10MPY][TF2N]
Hexane 4.599 4.574 3.442 4.049 4.398
3-Methylpentane 4.408 4.378 3.413 3.866 4.197
Heptane 6.523 6.576 4.747 5.751 6.336
Octane 9.256 2.009 9.415 6.545 8.147 9.040
Nonane 2.700 13.036 2.696 13.385 8.956 11.452 12.854
Decane 3.665 18.237 3.861 18.957 12.231 15.218 18.223
Undecane 5.039 25.608 5.357 26.718 16.821 22.336 25.799
Dodecane 7.040 7.537
Tridecane 9.906 10.696
Tetradecane 14.334 15.126
Methylcyclopentane 5.652 5.582 4.376 5.183 5.251
Cyclohexane 6.484 6.503 4.881 5.661 6.079
Methylcyclohexane 7.893 8.008 5.898 6.965 7.531
Cycloheptane 10.493 10.793 7.785 9.379 10.019
Benzene 3.755 11.960 4.068 10.785 11.246 12.080 11.695
Toluene 4.066 16.895 4.455 15.398 0.990 17.376 17.025
Ethylbenzene 4.446 22.374 4.798 20.568 20.885 23.033 22.849
M-Xylene 4.485 23.424 4.907 21.522 22.897 24.839 24.583
P-Xylene 4.520 22.944 4.925 21.429 22.051 24.310 24.061
O-Xylene 5.042 26.688 5.686 24.449 26.001 28.086 27.693
1-Hexene 4.982 4.854 4.005 4.566 4.820
1-Hexyne 7.333 7.301 6.406 7.083 7.086
1-Heptyne 2.206 11.002 10.527 9.727 10.077 10.205
2-Butanone 3.861 14.079 3.262 12.627 13.943 14.440 13.712
2-Pentanone 4.353 19.796 3.657 17.317 18.391 19.368 18.603
3-Pentanone 4.276 18.884 3.526 17.316 19.522 19.318 18.604
1,4 Dioxane 7.275 17.539 5.987 15.158 18.135 18.149 17.022
Methanol 7.439 10.000 6.150 11.294 8.512 8.171 8.450
Ethanol 3.823 11.922 3.667 12.846 9.399 9.381 8.858
1-Propanol 8.298 12.766 7.142 18.930 12.652 13.131 12.459
2-Propanol 6.118 9.652 4.896 13.116 9.943 10.107 9.591
2-Methyl-1-Propanol 7.749 15.509 6.871 23.793 15.178 15.856 15.188
1-Butanol 9.377 18.597 8.697 15.831 11.065 10.939 10.603
Diethylether 4.425 4.143 4.191 4.357 4.377
Diisopropyl Ether 5.624 5.417 5.062 5.411 5.584
Chloroform 3.653 9.546 4.953 11.679 8.897 9.407 9.106
Dichloromethane 2.853 6.913 2.922 7.138 6.377 6.747 6.511
Tetrachloromethane 8.254 3.213 8.827 7.293 7.921 7.957
Acetonitrile 9.119 13.824 8.729 11.984 14.300 14.382 13.343
Nitromethane 5.466 17.006 6.300 15.606 18.321 18.331 16.745
1-Nitropropane 5.353 28.578 6.105 26.507 28.045 29.392 27.525
Pyridine 15.271 27.332 5.794 22.475 23.646 25.120 23.591
Thiophene 5.142 12.812 5.339 11.908 12.443 13.271 12.737
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Table 12: Partition Coefficients at 60 °C 
 
 
 
 
Solute
DQA016 DQA017 DPSP019 DPSP20 [C6MPY][TF2N] [C8MPY][TF2N] [C10MPY][TF2N]
Hexane 4.065 4.369 3.060 3.599 3.921
3-Methylpentane 3.913 3.889 3.000 3.418 3.815
Heptane 5.661 5.706 4.253 5.025 5.490
Octane 7.841 1.540 7.991 5.608 6.913 7.669
Nonane 2.333 10.855 2.268 11.116 7.767 9.529 10.657
Decane 3.014 14.974 3.008 15.436 11.168 13.057 14.821
Undecane 3.976 20.593 4.250 21.335 13.677 17.948 20.506
Dodecane 5.584 5.820
Tridecane 7.601 8.011
Tetradecane 10.474 11.155
Methylcyclopentane 5.057 4.936 3.947 4.378 4.685
Cyclohexane 5.764 5.709 4.425 5.001 5.359
Methylcyclohexane 6.888 6.958 5.227 6.085 6.550
Cycloheptane 9.120 9.280 6.775 8.045 8.633
Benzene 3.407 10.161 3.580 12.914 9.631 10.348 10.066
Toluene 3.616 14.161 3.922 9.306 0.990 14.574 14.337
Ethylbenzene 3.933 18.419 4.171 17.082 17.104 19.678 18.894
M-Xylene 3.848 23.636 4.237 22.082 18.306 22.191 20.293
P-Xylene 3.920 18.959 4.214 17.414 17.948 20.341 19.844
O-Xylene 4.395 21.919 4.918 20.015 20.717 23.824 22.721
1-Hexene 4.363 4.271 3.478 4.086 4.264
1-Hexyne 6.329 6.255 5.525 6.094 6.161
1-Heptyne 8.858 8.838 7.511 8.670 8.657
2-Butanone 3.314 11.870 2.892 10.734 11.497 12.244 11.702
2-Pentanone 3.636 15.934 3.166 10.808 14.922 16.170 15.664
3-Pentanone 3.653 15.824 3.151 14.472 14.836 16.186 15.655
1,4 Dioxane 6.181 14.678 5.147 12.741 14.535 15.644 14.395
Methanol 1.000 8.806 5.453 9.627 7.292 6.543 6.815
Ethanol 6.200 9.417 6.567 10.683 7.792 7.966 7.621
1-Propanol 6.808 10.697 6.559 15.307 10.466 11.317 10.547
2-Propanol 5.064 8.216 4.321 10.771 8.171 8.620 8.210
2-Methyl-1-Propanol 6.288 12.859 5.656 18.953 6.590 13.259 12.720
1-Butanol 7.596 15.299 7.187 8.550 8.656 9.422 8.726
Diethylether 3.992 3.678 3.522 3.866 3.918
Diisopropyl Ether 4.894 4.715 4.192 4.706 4.873
Chloroform 3.243 8.193 4.203 9.839 7.561 8.093 7.865
Dichloromethane 2.464 6.054 2.756 6.225 5.600 5.995 5.762
Tetrachloromethane 7.147 2.822 7.584 6.230 7.085 5.836
Acetonitrile 7.025 12.455 7.515 10.493 12.412 12.987 11.475
Nitromethane 4.779 14.423 5.418 13.376 15.458 15.771 14.338
1-Nitropropane 4.642 23.579 5.252 22.054 23.154 25.070 23.022
Pyridine 12.242 23.119 7.037 18.749 19.739 21.853 19.840
Thiophene 4.528 10.944 4.570 10.219 10.611 12.099 10.936
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Table 13: Partition Coefficients at 70 °C 
 
  
Solute
DQA016 DQA017 DPSP019 DPSP20 [C6MPY][TF2N] [C8MPY][TF2N] [C10MPY][TF2N]
Hexane 3.621 3.622 2.737 3.408 3.477
3-Methylpentane 3.518 3.490 2.667 3.157 3.343
Heptane 4.920 5.000 3.640 4.658 4.776
Octane 6.749 6.861 4.812 6.307 6.534
Nonane 9.137 2.057 9.370 6.356 8.423 8.926
Decane 3.222 12.400 2.654 12.769 8.362 11.193 12.154
Undecane 4.109 16.740 3.470 17.337 10.962 14.628 16.486
Dodecane 5.283 4.589
Tridecane 7.121 6.143
Tetradecane 9.501 8.363
Methylcyclopentane 4.385 4.464 3.392 4.139 4.170
Cyclohexane 5.018 5.096 3.860 4.526 4.738
Methylcyclohexane 6.030 6.136 4.541 5.356 5.750
Cycloheptane 7.892 8.090 5.971 7.204 7.477
Benzene 3.548 8.774 3.279 8.086 8.354 9.069 8.683
Toluene 3.721 12.006 3.483 11.078 0.990 12.818 12.130
Ethylbenzene 4.023 15.389 3.682 14.360 14.320 16.151 15.752
M-Xylene 4.028 16.024 3.718 14.870 15.241 16.973 16.784
P-Xylene 4.084 15.784 3.717 14.743 14.955 16.662 16.463
O-Xylene 4.562 18.148 3.722 16.791 17.197 19.096 18.781
1-Hexene 3.871 3.816 3.127 3.862 3.785
1-Hexyne 5.523 5.458 4.826 5.709 5.362
1-Heptyne 7.609 7.585 6.452 7.423 7.391
2-Butanone 3.476 10.194 2.591 9.279 9.871 10.550 10.028
2-Pentanone 3.760 13.496 2.843 12.367 12.653 14.113 13.203
3-Pentanone 3.759 13.398 2.849 12.301 12.561 14.209 13.161
1,4 Dioxane 6.225 12.470 4.499 10.917 12.346 13.489 12.203
Methanol 6.522 4.083 8.538 6.097 6.732 6.132
Ethanol 5.957 6.781 4.897 9.061 6.724 7.434 6.620
1-Propanol 6.674 9.121 5.064 12.675 8.930 9.780 9.004
2-Propanol 5.061 7.067 3.562 9.023 7.048 7.757 7.076
2-Methyl-1-Propanol 6.247 10.864 4.697 15.473 10.398 11.569 10.710
1-Butanol 7.374 12.812 5.683 7.486 7.573 8.523 7.991
Diethylether 3.509 3.512 3.148 3.701 3.482
Diisopropyl Ether 4.339 4.147 3.692 4.372 4.285
Chloroform 7.152 3.629 8.456 6.570 7.435 6.819
Dichloromethane 5.404 2.555 5.551 4.977 5.625 5.108
Tetrachloromethane 6.280 2.522 6.595 5.451 6.557 6.069
Acetonitrile 4.871 10.152 6.764 9.272 10.588 11.501 10.006
Nitromethane 4.872 12.504 4.783 11.655 13.285 13.918 12.371
1-Nitropropane 4.813 19.807 4.542 18.579 19.442 21.097 19.266
Pyridine 12.100 19.359 6.119 15.945 16.665 18.234 16.692
Thiophene 4.707 9.764 4.145 8.885 9.165 10.209 9.429
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6.3. Appendix C: Selectivity and Capacity Values 
 
    
Table 14: Selectivity Values at 50 °C 
 
Table 15: Selectivity Values at 60 °C 
   
Table 16: Selectivity Values at 70 °C 
   
Compound 1 Hexane Hexane Hexane Cyclohexane
Compound 2 Benzene Methanol Thiophene Thiophene
DQA016 0 0 0 0
DQA017 6.03 6.11 6.08 4.11
DPSP019 0 0 0 0
DPSP020 4.81 8.15 5.19 3.45
[C6MPY][TF2N] 10.22 8.26 11.10 7.40
[C8MPY][TF2N] 8.29 5.18 8.86 6.10
[C10MPY][TF2N] 6.35 4.61 6.66 4.71
Compound 1 Hexane Hexane Hexane Cyclohexane
Compound 2 Benzene Methanol Thiophene Thiophene
DQA016 0 0 0 0
DQA017 5.63 6.54 5.80 3.82
DPSP019 0 0 0 0
DPSP020 8.29 6.83 4.20 3.33
[C6MPY][TF2N] 9.58 8.18 10.41 6.54
[C8MPY][TF2N] 7.78 4.39 9.69 6.67
[C10MPY][TF2N] 5.99 3.90 6.29 4.51
Compound 1 Hexane Hexane Hexane Cyclohexane
Compound 2 Benzene Methanol Thiophene Thiophene
DQA016 0 0 0 0
DQA017 5.35 4.60 6.00 4.11
DPSP019 0 0 0 0
DPSP020 4.44 8.57 4.83 3.19
[C6MPY][TF2N] 9.11 7.52 9.88 6.50
[C8MPY][TF2N] 6.65 5.70 7.65 5.78
[C10MPY][TF2N] 5.74 4.38 6.07 4.33
Table 17: Capacity Values at 50 °C 
 
 
Solute
DQA016 DQA017 DPSP019 DPSP020 [C6MPY][TF2N] [C8MPY][TF2N] [C10MPY][TF2N]
Hexane 0.301 0.299 0.129 0.199 0.342
3-Methylpentane 0.330 0.328 0.153 0.217 0.372
Heptane 0.234 0.239 0.094 0.156 0.276
Octane 0.185 0.004 0.192 0.070 0.123 0.222
Nonane 0.003 0.133 0.003 0.141 0.047 0.089 0.163
Decane 0.002 0.114 0.003 0.123 0.038 0.068 0.144
Undecane 0.002 0.090 0.002 0.098 0.029 0.059 0.116
Dodecane 0.001 0.002
Tridecane 0.001 0.001
Tetradecane 0.001 0.001
Methylcyclopentane 0.439 0.430 0.203 0.320 0.468
Cyclohexane 0.445 0.451 0.193 0.290 0.484
Methylcyclohexane 0.355 0.368 0.152 0.237 0.402
Cycloheptane 0.173 0.190 0.071 0.116 0.194
Benzene 0.096 1.814 0.121 1.438 1.315 1.653 2.175
Toluene 0.040 1.377 0.051 1.115 1.010 1.313 1.772
Ethylbenzene 0.019 1.011 0.023 0.833 0.724 0.968 1.343
M-Xylene 0.017 0.972 0.021 0.799 0.775 0.998 1.376
P-Xylene 0.018 0.965 0.022 0.824 0.740 0.988 1.363
O-Xylene 0.018 1.072 0.024 0.875 0.849 1.082 1.479
1-Hexene 0.433 0.411 0.219 0.315 0.507
1-Hexyne 0.777 0.774 0.475 0.639 0.906
1-Heptyne 0.013 0.706 0.640 0.445 0.515 0.750
2-Butanone 0.112 2.893 0.080 2.250 2.376 2.749 3.446
2-Pentanone 0.056 2.388 0.039 1.759 1.688 2.028 2.616
3-Pentanone 0.059 2.354 0.040 1.933 2.127 2.215 2.874
1,4 Dioxane 0.191 1.897 0.128 1.358 1.717 1.836 2.240
Methanol 0.710 1.838 0.481 2.437 1.063 1.032 1.577
Ethanol 0.081 1.456 0.077 1.726 0.707 0.752 0.930
1-Propanol 0.199 0.701 0.148 1.728 0.579 0.673 0.840
2-Propanol 0.191 0.715 0.120 1.443 0.644 0.714 0.893
2-Methyl-1-Propanol 0.103 0.661 0.082 1.757 0.531 0.628 0.800
1-Butanol 0.098 0.620 0.087 0.424 0.159 0.165 0.216
Diethylether 0.870 0.755 0.639 0.745 1.069
Diisopropyl Ether 0.478 0.441 0.313 0.389 0.593
Chloroform 0.173 2.073 0.365 3.323 1.470 1.781 2.345
Dichloromethane 0.254 2.566 0.281 2.798 1.769 2.145 2.814
Tetrachloromethane 0.889 0.081 1.045 0.558 0.720 1.031
Acetonitrile 0.694 2.372 0.658 1.717 2.142 2.315 2.760
Nitromethane 0.098 1.759 0.143 1.446 1.749 1.868 2.146
1-Nitropropane 0.030 1.883 0.043 1.581 1.516 1.802 2.187
Pyridine 0.642 3.208 0.072 2.046 1.928 2.364 2.892
Thiophene 0.170 1.829 0.195 1.553 1.429 1.767 2.278
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Table 18: Capacity Values at 60 °C 
 
 
Solute
DQA016 DQA017 DPSP019 DPSP020 [C6MPY][TF2N] [C8MPY][TF2N] [C10MPY][TF2N]
Hexane 0.313 0.386 0.135 0.208 0.363
3-Methylpentane 0.343 0.354 0.154 0.221 0.408
Heptane 0.245 0.262 0.106 0.165 0.288
Octane 0.193 0.004 0.212 0.074 0.128 0.231
Nonane 0.003 0.142 0.003 0.158 0.055 0.093 0.171
Decane 0.002 0.123 0.002 0.139 0.052 0.080 0.152
Undecane 0.002 0.098 0.002 0.113 0.032 0.064 0.123
Dodecane 0.001 0.002
Tridecane 0.001 0.001
Tetradecane 0.001 0.001
Methylcyclopentane 0.470 0.465 0.221 0.297 0.497
Cyclohexane 0.475 0.487 0.215 0.302 0.507
Methylcyclohexane 0.372 0.399 0.164 0.247 0.418
Cycloheptane 0.127 0.136 0.052 0.083 0.141
Benzene 0.108 1.760 0.127 3.203 1.293 1.621 2.174
Toluene 0.044 1.352 0.056 0.540 0.982 1.278 1.755
Ethylbenzene 0.021 0.989 0.026 0.874 0.696 1.021 1.323
M-Xylene 0.018 1.545 0.024 1.390 0.716 1.185 1.372
P-Xylene 0.019 0.966 0.024 0.836 0.711 1.007 1.353
O-Xylene 0.020 1.065 0.027 0.909 0.781 1.145 1.460
1-Hexene 0.437 0.435 0.215 0.331 0.522
1-Hexyne 0.780 0.796 0.474 0.632 0.926
1-Heptyne 0.627 0.655 0.357 0.528 0.751
2-Butanone 0.123 3.068 0.095 2.564 2.383 2.927 3.747
2-Pentanone 0.054 2.144 0.042 0.921 1.535 1.963 2.594
3-Pentanone 0.060 2.303 0.045 1.968 1.653 2.147 2.827
1,4 Dioxane 0.195 1.884 0.135 1.429 1.535 1.932 2.267
Methanol 2.044 0.542 2.636 1.103 0.913 1.417
Ethanol 0.382 1.320 0.462 1.857 0.712 0.797 1.023
1-Propanol 0.205 0.764 0.199 1.841 0.608 0.774 0.934
2-Propanol 0.197 0.790 0.145 1.554 0.653 0.784 0.996
2-Methyl-1-Propanol 0.106 0.729 0.089 1.881 0.131 0.696 0.897
1-Butanol 0.104 0.688 0.097 0.191 0.155 0.201 0.238
Diethylether 0.911 0.788 0.566 0.746 1.101
Diisopropyl Ether 0.482 0.463 0.280 0.388 0.602
Chloroform 0.179 2.004 0.344 3.197 1.383 1.718 2.302
Dichloromethane 0.231 2.424 0.315 2.697 1.677 2.085 2.730
Tetrachloromethane 0.889 0.083 1.067 0.538 0.769 0.704
Acetonitrile 0.536 2.647 0.660 1.869 2.183 2.575 2.766
Nitromethane 0.106 1.788 0.150 1.578 1.747 1.944 2.225
1-Nitropropane 0.034 1.893 0.048 1.708 1.516 1.934 2.254
Pyridine 0.578 3.298 0.171 2.139 1.911 2.567 2.926
Thiophene 0.180 1.813 0.194 1.623 1.404 2.018 2.284
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Table 19: Capacity Values at 70 °C 
Solute
DQA016 DQA017 DPSP019 DPSP020 [C6MPY][TF2N] [C8MPY][TF2N] [C10MPY][TF2N]
Hexane 0.324 0.338 0.140 0.247 0.377
3-Methylpentane 0.359 0.367 0.156 0.245 0.408
Heptane 0.252 0.273 0.104 0.195 0.301
Octane 0.203 0.221 0.077 0.153 0.241
Nonane 0.150 0.004 0.167 0.054 0.109 0.182
Decane 0.003 0.131 0.003 0.147 0.044 0.091 0.160
Undecane 0.002 0.106 0.002 0.120 0.033 0.068 0.130
Dodecane 0.002 0.002
Tridecane 0.001 0.001
Tetradecane 0.001 0.001
Methylcyclopentane 0.458 0.498 0.209 0.352 0.522
Cyclohexane 0.473 0.511 0.213 0.327 0.530
Methylcyclohexane 0.384 0.418 0.165 0.257 0.441
Cycloheptane 0.092 0.101 0.040 0.065 0.104
Benzene 0.109 1.733 0.141 1.498 1.277 1.640 2.164
Toluene 0.045 1.325 0.060 1.150 0.960 1.352 1.735
Ethylbenzene 0.022 0.975 0.028 0.870 0.683 0.958 1.316
M-Xylene 0.020 0.951 0.026 0.838 0.701 0.954 1.353
P-Xylene 0.022 0.961 0.027 0.860 0.702 0.957 1.354
O-Xylene 0.022 1.042 0.021 0.912 0.761 1.030 1.442
1-Hexene 0.445003814 0.449 0.225 0.388 0.540
1-Hexyne 0.789711698 0.802 0.478 0.747 0.943
1-Heptyne 0.633814776 0.657 0.358 0.525 0.758
2-Butanone 0.142 3.343 0.112 2.821 2.570 3.183 4.118
2-Pentanone 0.057 2.120 0.046 1.813 1.510 2.064 2.578
3-Pentanone 0.061 2.249 0.050 1.930 1.602 2.261 2.761
1,4 Dioxane 0.193 1.890 0.142 1.455 1.526 1.989 2.300
Methanol 1.489 0.398 2.895 1.054 1.407 1.653
Ethanol 0.353 0.940 0.349 1.918 0.763 1.021 1.137
1-Propanol 0.208 0.845 0.171 1.892 0.667 0.874 1.049
2-Propanol 0.203 0.867 0.141 1.594 0.713 0.945 1.112
2-Methyl-1-Propanol 0.114 0.806 0.092 1.910 0.604 0.820 0.997
1-Butanol 0.108 0.762 0.092 0.232 0.188 0.263 0.329
Diethylether 0.883 0.921 0.567 0.874 1.110
Diisopropyl Ether 0.496 0.466 0.282 0.442 0.616
Chloroform 1.974 0.325 3.026 1.339 1.891 2.262
Dichloromethane 2.370 0.332 2.622 1.614 2.274 2.663
Tetrachloromethane 0.899 0.086 1.050 0.536 0.871 1.063
Acetonitrile 0.214 2.297 0.708 1.946 2.088 2.685 2.841
Nitromethane 0.108 1.866 0.160 1.658 1.772 2.096 2.328
1-Nitropropane 0.037 1.921 0.051 1.736 1.523 1.953 2.305
Pyridine 0.553 3.224 0.179 2.157 1.887 2.467 2.931
Thiophene 0.183 1.942 0.212 1.631 1.385 1.887 2.291
Ionic Liquids
6.4. Appendix D: Gas Chromatographs 
Example Gas Chromatographs from column C10 at 70°C. 
 
 
 
Figure 6: 3-Methylpentane Chromatogram 
 
 
 
 
 
 
Figure 7: Heptane Chromatogram 
 
 
Figure 8: Octane Chromatogram 
 
 
 
 
 
 
Figure 9: Nonane Chromatogram 
 
 
Figure 10: Decane Chromatogram 
 
 
 
 
 
 
Figure 11:  Undecane Chromatogram 
 Figure 12: Methylcyclopentane Chromatogram 
 
 
 
 
 
 
 
Figure 132: Cyclohexane Chromatogram 
 Figure 143: Methylcyclohexane Chromatogram 
 
 
 
 
 
Figure 154: Cycloheptane Chromatogram 
 
 
Figure 165: Benzene Chromatogram 
 
 
 
 
Figure 17: Toluene Chromatogram 
 
 
Figure 18: Ethylbenzene Chromatogram 
 
 
 
 
 
 
 
Figure 19: Meta-Xylene Chromatogram 
 
 
Figure 20: Para-Xylene Chromatogram 
 
 
 
 
 
 
Figure 21: Ortho-Xylene Chromatogram 
 
 
Figure 22: Hexene Chromatogram 
 
 
 
 
 
 
 
Figure 23: Hexyne Chromatogram 
 Figure 243: Heptyne Chromatogram 
 
 
 
 
Figure 25: 2-Butanone Chromatogram 
 
 
Figure 26: 2-Pentanone Chromatogram 
 
 
 
 
 
Figure 27: 3-Pentanone Chromatogram 
 
 
Figure 28: 1,4 Dioxane Chromatogram 
 
 
 
 
 
 
 
Figure 29: Methanol Chromatogram 
 Figure 30: Ethanol Chromatogram 
 
 
 
 
 
 
Figure 31: 1-Propanol Chromatogram 
 Figure 32: 2-Propanol Chromatogram 
 
 
 
 
 
Figure 33: 2-Methylpropanol 
 Figure 34: 1-Butanol 
 
 
 
 
 
Figure 35: Diethylether Chromatogram 
 Figure 36: Diisopropylether Chromatogram 
 
 
 
 
 
Figure 37: Chloroform Chromatogram 
 Figure 38: Dichloromethane Chromatogram 
 
 
 
 
 
Figure 39: Tetrachloromethane Chromatogram 
 Figure 40: Acetonitrile Chromatogram 
 
 
 
 
 
Figure 41: Nitromethane Chromatogram 
 Figure 42: Nitropropane Chromatogram 
 
 
 
 
 
 
 
Figure 43: Pyridine Chromatogram 
 Figure 44: Thiophene Chromatogram  
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